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CONDENSATION:  Poor periconceptional dietary quality, common among US women, is associated with 52 
adverse maternal and neonatal outcomes even after controlling for potential comorbidities. 53 
 54 
SHORT TITLE: Periconceptional diet quality and obstetric outcomes 55 
 56 
AJOG AT A GLANCE:  57 
A. Why was the study conducted? Although disparities in periconceptional dietary quality exist, it is 58 
unknown whether individual periconceptional diet quality is associated with obstetric outcomes. 59 
B. What are the key findings? Poor periconceptional dietary quality is associated with greater 60 
relative risk of cesarean delivery, hypertensive disorders, postpartum hemorrhage, NICU 61 
admission, preterm birth, and low birthweight, whereas it is associated with lower risk of major 62 
perineal laceration and macrosomia. 63 
C. What does the study add to what we already know? Poor periconceptional dietary quality is 64 
associated with adverse perinatal outcomes even after controlling for body mass index and 65 
potential comorbidities. 66 
 67 
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Background: Periconceptional diet quality is commonly suboptimal and sociodemographic disparities in 71 
diet quality exist. However, it is unknown whether individual periconceptional diet quality is associated 72 
with obstetric outcomes.  73 
Objective: Our objective was to assess differences in maternal and neonatal outcomes according to 74 
maternal periconceptional diet quality.   75 
Study Design: This is a secondary analysis of a large, multicenter prospective cohort study of 10,038 76 
nulliparous women receiving obstetrical care at 8 United States centers. Women underwent three 77 
antenatal study visits and had detailed maternal and neonatal data abstracted by trained research 78 
personnel. In the first trimester (between 6 and 13 weeks), women completed the modified Block 2005 79 
Food Frequency Questionnaire, a semiquantitative assessment of usual dietary intake for the 3 months 80 
around conception. Responses were scored using the Healthy Eating Index-2010, which assesses 81 
adherence to the 2010 Dietary Guidelines for Americans. Higher scores on the Healthy Eating Index 82 
represent better adherence. Healthy Eating Index scores were analyzed by quartile; quartile 4 83 
represents the highest dietary quality. Bivariable and multivariable analyses were performed to assess 84 
associations between diet quality and outcomes. A sensitivity analysis in which markers of 85 
socioeconomic status were included in the multivariable Poisson regression models was performed. 86 
Results: In the cohort of 8,259 women with Healthy Eating Index data, the mean Healthy Eating Index 87 
score was 63 (± 13) of 100. Women with the lowest quartile Healthy Eating Index scores were more 88 
likely to be younger, non-Hispanic black and Hispanic, publicly insured, low income, and tobacco users. 89 
They were more likely to have comorbidities (obesity, chronic hypertension, pregestational diabetes, 90 
mental health disorders), a higher pre-pregnancy body mass index, and less education. Women with 91 
lowest quartile scores experienced less frequent major perineal lacerations and more frequent 92 
postpartum hemorrhage requiring transfusion and hypertensive disorders of pregnancy, which persisted 93 
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on multivariable analyses (controlling for age, body mass index, tobacco use, chronic hypertension, 94 
pregestational diabetes mellitus, and mental health disorders) comparing women in each quartile to 95 
quartile 4. Additionally, women in quartiles 1 and 2 experienced greater adjusted relative risk of 96 
cesarean delivery compared to women in quartile 4. Neonatal outcomes also differed by dietary 97 
quartile, with women in the lowest Healthy Eating Index quartile experiencing greater adjusted relative 98 
risk of preterm birth, neonatal intensive care unit admission, small for gestational age infant, and low 99 
birthweight, and lower risk of macrosomia; all neonatal findings also persisted in multivariable analyses. 100 
The sensitivity analysis with inclusion of markers of socioeconomic status (race/ethnicity, insurance 101 
status, marital status) in the multivariable models supported these findings.  102 
Conclusions: Periconceptional diet quality among women in the United States is poor. Poorer 103 
periconceptional dietary quality is associated with adverse maternal and neonatal outcomes even after 104 
controlling for potential comorbidities and body mass index, suggesting periconceptional diet may be an 105 
important social or biological determinant of health underlying existing health disparities.  106 




 Overall dietary quality is poor for most Americans.
1,2
 Fewer than 3% of United States (US) adults 109 
have ideal diet scores, and ample public health data suggest poor dietary quality is associated with 110 
morbidity.
1-3
 Moreover, racial, ethnic, and socioeconomic disparities in dietary quality are substantial for 111 
nearly all measures, including diet scores, individual nutrient sources, and energy intake, and while 112 
overall dietary quality in the US may be improving, these disparities are widening.
1,2,4,5
 Reproductive age 113 
women planning pregnancy have similarly poor diets,
1,6,7
 despite potential fetal health implications.
8
 114 
Multiple European-based studies show that women planning pregnancy are only marginally more likely 115 
to comply with dietary recommendations and that dietary patterns changed little from before 116 
pregnancy to early pregnancy.
6,9,10
 Thus, a woman’s periconceptional diet is highly reflective of her 117 
general nutritional patterns and dietary intake later in pregnancy. 118 
 In 2017, using data from a large cohort of US nulliparous women, Bodnar et al demonstrated 119 
both that periconceptional dietary quality is suboptimal in US women and that racial, ethnic, and 120 
sociodemographic disparities in dietary quality exist.
11
 In this analysis, non-Hispanic white women had 121 
the highest quality of periconceptional diet, whereas almost half of non-Hispanic black women had 122 
dietary quality in the lowest quintile. Furthermore, although the quality of diet increased with greater 123 
maternal education in all racial or ethnic groups, education was most strongly associated with diet 124 
quality for white women.
11
 Top sources of energy, overall, in this study were foods rich in sugars and 125 
solid fats and included refined bread, soda, pasta, grain desserts, and alcohol.
11
 126 
 Periconceptional dietary quality has been hypothesized to be an important determinant of 127 
maternal and fetal outcomes,
8,12
 with suboptimal nutrition having a critical negative influence on fetal 128 
growth, placentation, inflammation, and maternal metabolic regulation, and possibly leading to 129 
differences in outcomes such as livebirth rate or birth weight.11-15 Poor periconceptional dietary quality 130 
may affect pregnancy outcomes via mechanisms such as micronutrient deficiency or relationship with 131 
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gestational weight gain. However, data to confirm this hypothesis are lacking, particularly in the US. 132 
Thus, our objective was to assess if there is an association between periconceptional dietary quality and 133 
maternal and neonatal outcomes. 134 
 135 
MATERIALS AND METHODS 136 
This is a secondary analysis of data from the Nulliparous Pregnancy Outcomes Study: Monitoring 137 
Mothers-To-Be (nuMoM2b), which was a large, multicenter observational cohort study conducted at 8 138 
US medical centers from 2010 to 2013.
16
 In this study, over 10,000 nulliparous women with singleton 139 
pregnancies were enrolled for prospective study. Recruitment was conducted at geographically diverse 140 
locations and was designed to sample a population reflective of the general US population. Women 141 
were eligible for enrollment if they had a live singleton pregnancy, had no previous pregnancy that 142 
progressed beyond 20 weeks of gestation, and were between 6 weeks 0 days and 13 weeks 6 days of 143 
gestation at recruitment. Exclusion criteria included maternal age younger than 13 years, history of 144 
three or more spontaneous abortions, current pregnancy complicated by suspected fatal fetal 145 
malformation or known fetal aneuploidy, assisted reproduction with a donor oocyte, multifetal 146 
reduction, or plan to terminate the pregnancy. Data were collected via multiple sources, including in-147 
person interviews, surveys completed by participants, and medical record review. Participants 148 
completed three study visits with trained research personnel, with Visit 1 occurring between 6 weeks 0 149 
days and 13 weeks 6 days of gestation. At least 30 days after delivery, trained and certified chart 150 
abstractors reviewed the medical records of all participants and recorded final birth outcomes.
16
  151 
Full details of the study protocol previously have been published.
16
  152 
This analysis specifically addresses periconceptional dietary quality as the exposure of interest. 153 
At Visit 1, women completed the modified Block 2005 Food Frequency Questionnaire, a 154 
semiquantitative assessment of usual dietary intake for the 3 months around conception. The Block 155 
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questionnaire assesses 52 nutrients and 35 food groups from approximately 120 food and beverage 156 
items. The questionnaire includes serial adjustment items to estimate portion size, and the instrument 157 
has been validated in many populations. Details of the Block questionnaire have previously been 158 
reported by Bodnar et al.
11
  159 
Answers to the Block questionnaire were scored using the Healthy Eating Index 2010 (HEI-2010), 160 
or the HEI.
17,18
 The HEI, which is a measure used to assess how well a set of foods aligns with key 161 
recommendations of the 2010 Dietary Guidelines for Americans, evaluates 12 key aspects of dietary 162 
quality, including adequacy of intake of specific food groups and moderation of intake of less nutritious 163 
foods. Higher scores represent better adherence to national guidelines, and an ideal score of 100 164 
indicates that the reported food intake is consistent with the Dietary Guidelines recommendations.
17
 165 
The mean HEI-2010 score for adult Americans in 2007-2008 was 54.3 out of 100, which indicated that 166 
the average diet of adult Americans did not align with dietary recommendations.
17
 This analysis is 167 
restricted to women with available HEI data. 168 
We a priori selected 5 maternal and 5 neonatal outcomes of interest, each of which was chosen 169 
based on the plausible relationship of these outcomes with periconceptional food quality.
4,15,19-22
 170 





 degree perineal laceration), cesarean delivery, postpartum hemorrhage requiring a blood 172 
transfusion, and hypertensive disorder of pregnancy. GDM diagnosis was based on clinical record review 173 
using each site’s local protocol for diagnosis. Postpartum hemorrhage was restricted to women who 174 
required a transfusion in order to assess associations with the most severe version of this outcome. 175 
Hypertensive disorder of pregnancy included antepartum gestational hypertension, or antepartum, 176 
intrapartum, or postpartum (up to 14 days) preeclampsia, eclampsia, or superimposed preeclampsia, as 177 
defined by the American College of Obstetricians and Gynecologists (ACOG).23 Neonatal outcomes of 178 
interest included preterm birth (<37 weeks of gestation), admission to the neonatal intensive care unit 179 
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(NICU), small-for-gestational age infant (defined as <10%ile by Alexander criteria
24
), low birthweight 180 
(defined as <2500g), and macrosomia (defined as >4000g). 181 
Multiple maternal demographic and clinical characteristics were assessed as potentially 182 
confounding factors. Demographic factors included maternal age, insurance status (public versus non-183 
public), marital status, household income (<200% or ≥200% of the poverty line), educational attainment 184 
(some college or greater versus no college), and self-reported race and ethnicity (non-Hispanic white, 185 
non-Hispanic black, Hispanic, Asian, and other). Clinical factors included body mass index (BMI, kg/m
2
) at 186 
visit 1, tobacco use currently or before pregnancy, chronic hypertension (regardless of medication 187 
status), pregestational diabetes mellitus, and any mental health disorder.  188 
We examined differences between maternal baseline demographic and clinical characteristics 189 
by HEI quartile using chi-squared and ANOVA tests, as appropriate. We then assessed differences 190 
between maternal and neonatal outcomes by HEI quartile using chi-squared tests. HEI scores were 191 
analyzed by quartile because such groupings best reflect clinically relevant categories of dietary quality 192 
and are most consistent with existing literature. Analyses for the outcome of GDM excluded women 193 
with pregestational diabetes mellitus. Using multivariable Poisson regression models, adjusted relative 194 
risks were constructed to estimate the independent associations of HEI quartile with each outcome, 195 
with HEI quartile 4 (highest level of food quality) as the referent, and each HEI quartile individually 196 
compared to the referent. The multivariable model included potentially confounding variables that were 197 
associated with HEI quartile on bivariable models with a p-value of <0.05. Although markers of 198 
socioeconomic status differed by HEI quartile, these factors were (a priori) not used in multivariable 199 
models because of likely collider bias related to the potential causal relationship between 200 
socioeconomic factors, periconceptional dietary quality, and maternal and neonatal outcomes. Thus, 201 
final models did not include race/ethnicity, insurance status, marital status, and educational attainment. 202 
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However, in order to confirm the primary findings, we performed a sensitivity analysis in which 203 
race/ethnicity, insurance status, and marital status were included in the multivariable Poisson models. 204 
All analyses were carried out in STATA release 15.0 (StataCorp, College Station, TX). All statistical 205 
tests were two-tailed and considered significant at the p < 0.05 level. Each site’s local governing 206 
institutional review board approved the study and all women provided written informed consent prior 207 
to participation.  208 
 209 
RESULTS 210 
 The nuMoM2b cohort included 10,038 women, of whom 82% (N=8259) were eligible for 211 
inclusion in this analysis. The mean HEI score was 63 with a standard deviation of 13 (Figure 1). Women 212 
in the lowest quartile had scores less than 53.7, whereas quartile 2 included 53.8 to 63.7, quartile 3 213 
included 63.8 to 72.7, and quartile 4 included women with scores 72.8 and greater. Women in the 214 
lowest HEI quartile, representing poorest dietary quality, were younger, and more likely to be non-215 
Hispanic black or Hispanic, have public insurance, use tobacco, and have a lower household income 216 
(Table 1). They were less likely to be married and have at least some college education. Women in the 217 
lowest HEI quartile additionally had a higher mean pre-pregnancy BMI and were more likely to have 218 
comorbidities, including chronic hypertension, pregestational diabetes, and mental health disorders. 219 
 Women in the lowest HEI quartile (quartile 1) experienced a greater frequency of postpartum 220 
hemorrhage requiring transfusion (p=0.02) and hypertensive disorder of pregnancy (p<0.001), but a 221 
significantly lower frequency of major perineal laceration (p<0.001) (Table 2). There were no differences 222 
in frequency of GDM or cesarean delivery by HEI quartile on bivariable analyses. These findings largely 223 
persisted on multivariable analyses (Table 3). For postpartum hemorrhage requiring transfusion and 224 
hypertensive disorders, women in quartile 1 had greater relative risk of both outcomes (hemorrhage: 225 
aRR 3.33, 95% CI 1.47-7.52; hypertension: aRR 1.16, 95% CI 1.02-1.31) compared to women in quartile 4. 226 
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Women in HEI quartile 1 also had lower relative risk of major perineal laceration (aRR 0.68, 95% CI 0.47-227 
0.98) compared to women in quartile 4. The adjusted relative risk of cesarean delivery was greater for 228 
women with HEI quartile 1 (aRR 1.20, 95% CI 1.07-1.34) and quartile 2 (aRR 1.11, 95% CI 1.00-1.23) than 229 
women in quartile 4. Women in quartile 3 of HEI did not differ from quartile 4 with respect to any 230 
outcome, and risk of GDM was unassociated with HEI quartile. 231 
 Neonatal outcomes additionally differed by HEI quartile (Table 4). Women with lower HEI 232 
quartiles experienced greater frequency of preterm birth (p=0.014), NICU admission (p=0.009), small-233 
for-gestational-age status (p<0.001), and low birthweight (p=0.002). Women with lower HEI quartiles 234 
also experienced lower frequency of macrosomia (p=0.025). On multivariable analyses, all relationships 235 
persisted for women in quartile 1 compared to quartile 4 (Table 5). Further, women in quartiles 1 and 2 236 
had lower risk of macrosomia than women in quartile 4. The risk of NICU admission was elevated for 237 
women in all quartiles compared to quartile 4. 238 
 Results of the sensitivity analysis with inclusion of race/ethnicity, insurance status, and marital 239 
status in the multivariable models confirmed the primary analysis, in that the direction and magnitude 240 
of associations remained consistent. Specifically, all point estimates for the relative risks in the 241 
sensitivity analysis remained within 15% of the primary analysis with the exception of quartile 1 242 
comparisons for small-for-gestational-age status and low birthweight, in which the risks both decreased 243 
by 17% (Table 6).  244 
 245 
COMMENT 246 
Principal findings 247 
 Periconceptional dietary quality is associated with differences in demographic characteristics 248 
among US pregnant women, but previous work had not addressed associations of dietary quality with 249 
obstetric and perinatal outcomes. We identified that poor periconceptional dietary quality is associated 250 
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with multiple adverse maternal and neonatal outcomes, including postpartum hemorrhage, 251 
hypertensive disorders of pregnancy, cesarean delivery, preterm birth, NICU admission, small-for-252 
gestational-age status, and low birthweight, even when accounting for comorbidities and BMI. In 253 
contrast, women with poor dietary quality experienced lower risk of macrosomia. There is a dose-254 
response effect, such that women with the lowest dietary quality had the strongest associations with 255 
adverse outcomes, whereas outcomes for women in the third quartile of dietary quality were similar to 256 
those of women in the highest quartile.  257 
Results in Context 258 
 There are several postulated mechanisms that may underlie these findings. First, poor 259 
periconceptional dietary quality may lead to micronutrient deficiency, potentially interfering with  260 
clotting factors that allow normal recovery in the context of obstetrical hemorrhage or other factors that 261 
alter risk of placentally-mediated diseases. This hypothesis has been explored in small studies where 262 
obese women had lower amounts of micronutrients despite energy-rich diets.
25
 Second, greater intake 263 
of low-quality foods has been previously associated with excessive weight gain.
26
 Thus, periconceptional 264 
dietary quality may affect outcomes via its influence on gestational weight gain.
27
 For example, in an 265 
Italian cohort, women with “prudent” dietary patterns before pregnancy had improved gestational 266 
weight gain outcomes than women with worse dietary quality.
28
 Third, food insecurity, or sufficient 267 
access by all people at all times to enough food to lead an active, healthy life, may also play an 268 
important role.
29
  It is plausible that women in the lowest quartiles of periconceptional dietary quality 269 
experienced poor quality due to food insecurity.  270 
 Although the landscape of racial, ethnic, and socioeconomic inequities in the US differ from 271 
those of Western European countries, some of our findings mirror theirs. For example, in a Spanish 272 
cohort of 787 women, early pregnancy HEI scores in the lowest quartile were associated with greater 273 
odds of fetal growth restriction; the effect was most pronounced for the first versus fourth quartiles.15 274 
14 
 
Work from the Norwegian Mother and Child Cohort Study found that better quality mid-pregnancy diet 275 
was associated with more optimal fetal growth outcomes and lower odds of preeclampsia, preterm 276 
birth, and postpartum weight retention.
19,20,22
 277 
Clinical and research implications 278 
 These data suggest that health care providers who care for pregnant and preconception women 279 
should include a basic assessment of dietary quality as a component of counseling about lifestyle factors 280 
that may promote maternal and fetal health. Ample evidence suggests pregnancy is an opportunity for 281 
improvement of healthy behaviors, that nutrition and lifestyle modification advice are well received by 282 
women who seek preconception care, and that some interventions in this period may have long-lasting 283 
maternal and child health benefits.
12,30
 ACOG addresses the importance of discussing diet in the context 284 
of caring for women who are overweight or obese and additionally includes food access as one of 285 
several social determinants of health to be screened.
31,32
 We propose that further attention to dietary 286 
quality in the obstetric context may be worthwhile for clinical practice and future research. 287 
 There are several potential areas for future investigation. This analysis only addresses total HEI 288 
scores as a reflection of adherence to national nutrition guidelines. Future work can also assess specific 289 
dietary sources of nutrients, dietary sources of energy, components of the HEI, and the role of nutrient 290 
supplementation. Additional methods of examining diet may include measures of food group diversity, 291 
which has been shown to reflect micronutrient intake in a study of pregnant women.
33
 Future work also 292 
should investigate food security and the mechanisms between inequity and food quality. Future 293 
investigations may also address whether interventions that improve dietary quality during pregnancy 294 
are associated with improvements in perinatal outcomes. Finally, we must also understand the dietary 295 
quality issues unique to women with comorbidities such as diabetes. 296 
 Importantly, race and ethnicity are socially mediated concepts that have previously been 297 
associated with food quality. For this reason, we opted to not adjust for race and markers of 298 
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socioeconomic status in the primary analysis, due to the possibility of collider bias and the obscuring of 299 
the potential effects of periconceptional food quality on outcomes. Moreover, results of the sensitivity 300 
analysis supported the main analysis; in some cases the confidence intervals crossed unity, but given the 301 
overall consistency of the adjusted relative risk point estimates, this appears to be largely a result of 302 
reduced degrees of freedom once more variables are added into the regression. The etiologies of race 303 
and socioeconomic status as drivers of adverse perinatal outcomes have not fully been elucidated, but 304 
we theorize that suboptimal periconceptional and pregnancy food quality may be one mechanism. 305 
Future work on dietary quality needs to address disparities by race, ethnicity, education, and 306 
socioeconomic status in more depth in attempt to understand their role in contributing to differences in 307 
adverse outcomes.  308 
Strengths and limitations 309 
 A major strength of this study is the use of a large and diverse sample of US women that is 310 
representative of the population at large. Moreover, the nuMoM2b cohort is extraordinarily well 311 
characterized and includes detailed assessments that enhance the granularity and quality of data, in 312 
contrast to data from vital statistics databases. The direct questioning of food quality via the HEI only a 313 
short amount of time after the period of interest also enhances the quality and fidelity of dietary recall, 314 
in contrast to investigations that use more generalized assessments, less standardized measurement 315 
approaches, or require longer periods of recall. 316 
 However, there are several limitations to consider. This is an observational analysis, as are most 317 
studies of dietary quality, and as such, findings can be affected by unmeasured confounding. Second, 318 
although much data suggest pregnancy diet is likely to be very similar to periconceptional diet, the 319 
association may be imprecise. Third, all estimates of typical dietary intake have inherent imperfections 320 
due to misreporting or recall bias, although self-reported dietary data have sufficient fidelity to inform 321 
policy and dietary guidelines.11 Finally, nuMoM2b participants were interested in a longitudinal research 322 
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investigation that began in early pregnancy and were recruited from a large academically-affiliated 323 
medical centers, and thus findings may not be fully generalizable. 324 
Conclusions 325 
 In summary, US women have very poor dietary quality prior to pregnancy. Dietary quality 326 
remains an important public health issue in the US and internationally, and is a major contributor to 327 
morbidity and overall population health.
3
 Additionally, dietary inequities are pervasive and may have an 328 
impact on perinatal health, which is an important area for ongoing study. These data demonstrate that 329 
periconceptional dietary quality may be associated with adverse maternal and child health outcomes, 330 
which can have both short- and long-term implications for the health of the family, including potential 331 
intergenerational or epigenetic effects. These findings emphasize the critical nature of preconception 332 
care, food-focused public health policies, and systems-level changes that promote healthy food choices, 333 
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Figure 1: Healthy Eating Index-2010 Score Distribution  420 
20 
 
Table 1: Demographic and clinical characteristics associated with Healthy Eating Index quartile 421 
  HEI quartile 1 
(N=2065) 
HEI quartile 2 
(N=2065) 
HEI quartile 3 
(N=2065) 




Maternal age, years 23.9 (±5.2) 26.6 (±5.5) 28.7 (±5.1) 29.9 (±4.5) <0.001 
Race/ethnicity 
  Non-Hispanic white 
  Non-Hispanic black 
  Hispanic 
  Asian 


























Public insurance 1037 (50.7) 604 (29.5) 313 (15.2) 174 (8.4) <0.001 
Household income <200% poverty line 782 (55.7) 567 (33.8) 341 (18.5) 241 (12.4) <0.001 
Married 630 (30.5) 1201 (58.2) 1571 (76.2) 1795 (87.0) <0.001 
Some college education or greater 1581 (82.0) 1532 (90.7) 1384 (96.5) 1182 (98.8) <0.001 
Body mass index, kg/m
2
 27.1 (±7.3) 26.9 (±6.6) 25.9 (±5.6) 24.9 (±4.9) <0.001 
Ever used tobacco 1047 (50.7) 864 (41.9) 788 (38.3) 756 (36.6) <0.001 
Chronic hypertension 64 (3.3) 60 (3.0) 43 (2.2)  24 (1.2) <0.001 
Pregestational diabetes mellitus 39 (2.0) 33 (1.7) 29 (1.5) 16 (0.8) 0.018 
Mental health disorder 433 (22.0) 356 (17.9) 339 (17.0) 289 (14.6) <0.001 
Data displayed as N (%) or mean (± standard deviation). 
HEI, Healthy Eating Index; quartile 4 represents the best quality of periconceptional diet 
* P-value for chi-squared or ANOVA test. 
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Table 2: Maternal outcomes by Healthy Eating Index quartile  424 
  HEI quartile 1 
(N=2065) 
HEI quartile 2 
(N=2065) 
HEI quartile 3 
(N=2065) 




Gestational diabetes mellitus 89 (4.6) 92 (4.7) 84 (4.3) 80 (4.1) 0.758 
Cesarean delivery 536 (27.2) 559 (28.1) 559 (28.1) 521 (26.3) 0.539 
Major perineal laceration 47 (4.7) 83 (7.5) 102 (8.6) 113 (9.3) <0.001 
Postpartum hemorrhage requiring 
transfusion 
28 (1.4) 18 (0.9) 15 (0.7) 10 (0.5) 0.02 
Hypertensive disorder of pregnancy  510 (25.9) 481 (24.1) 445 (22.4) 401 (20.3) <0.001 
Data displayed as N (%). 
HEI, Healthy Eating Index; quartile 4 represents the best quality of periconceptional diet 
* P-value for chi-squared test. 
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Table 3: Multivariable analysis of maternal outcomes by Healthy Eating Index quartile 427 
 428 
  HEI Q1 
aRR (95% CI) 
HEI Q2 
aRR (95% CI) 
HEI Q3 
aRR (95% CI) 
HEI Q4 
Gestational diabetes mellitus 1.20 (0.86-1.65) 1.11 (0.82-1.49) 1.01 (0.75-1.36) Ref 
Cesarean delivery 1.20 (1.07-1.34) 1.11 (1.00-1.23) 1.07 (0.96-1.18) Ref 
Major perineal laceration 0.68 (0.47-0.98) 0.97 (0.73-1.28) 0.97 (0.75-1.26) Ref 
Postpartum hemorrhage requiring transfusion 3.33 (1.47-7.52) 2.07 (0.94-4.52) 1.59 (0.71-3.58) Ref 
Hypertensive disorder of pregnancy 1.16 (1.02-1.31) 1.11 (0.98-1.25) 1.05 (0.94-1.19) Ref 
Data displayed as adjusted relative risk (95% confidence interval), estimated through a Poisson regression model. 
HEI, Healthy Eating Index; quartile 4 represents the best quality of periconceptional diet and is the referent. 
Adjusted for age, body mass index, tobacco use, chronic hypertension, pregestational diabetes mellitus, and 
mental health disorder. 
  429 
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Table 4: Neonatal outcomes by Healthy Eating Index quartile  430 
  HEI quartile 1 
(N=2065) 
HEI quartile 2 
(N=2065) 
HEI quartile 3 
(N=2065) 




Preterm birth (<37 weeks)  197 (9.5) 171 (8.3) 155 (7.5) 143 (6.9) 0.014 
NICU admission  350 (18.0) 362 (18.3) 345 (17.5) 288 (14.6) 0.009 
Small for gestational age (<10%ile)  252 (12.8) 218 (11.0) 174 (8.8) 187 (9.5) <0.001 
Low birth weight <2500g 158 (7.7) 129 (6.2) 105 (5.1) 111 (5.4) 0.002 
Macrosomia >4000g 214 (10.4) 226 (10.9) 244 (11.8) 273 (13.2) 0.025 
Data displayed as N (%). 
HEI, Healthy Eating Index; quartile 4 represents the best quality of periconceptional diet. NICU, neonatal 
intensive care unit 
* P-value for chi-squared test. 
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Table 5: Multivariable analysis of neonatal outcomes by Healthy Eating Index quartile 433 
 434 
  HEI Q1 
aRR (95% CI) 
HEI Q2 
aRR (95% CI) 
HEI Q3 
aRR (95% CI) 
HEI Q4 
Preterm (<37 weeks)  1.27 (1.01-1.60) 1.12 (0.90-1.40) 1.02 (0.81-1.27) Ref 
NICU admission  1.22 (1.04-1.42) 1.23 (1.06-1.42) 1.19 (1.03-1.38) Ref 
Small for gestational age (<10%ile) 1.24 (1.02-1.51) 1.11 (0.92-1.34) 0.91 (0.4-1.11) Ref 
Low birth weight <2500g 1.32 (1.02-1.71) 1.10 (0.85-1.42) 0.89 (0.68-1.16) Ref 
Macrosomia >4000g 0.60 (0.47-0.76) 0.78 (0.63-0.96) 0.85 (0.70-1.03) Ref 
Data displayed as adjusted relative risk (95% confidence interval), estimated through a Poisson regression 
model. 
HEI, Healthy Eating Index; quartile 4 represents the best quality of periconceptional diet and is the 
referent. NICU, neonatal intensive care unit 
Adjusted for age, body mass index, tobacco use, chronic hypertension, pregestational diabetes mellitus, 
and mental health disorder. 
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Table 6: Sensitivity analyses including markers of socioeconomic status 437 
  HEI Q1 
aRR (95% CI) 
HEI Q2 
aRR (95% CI) 
HEI Q3 
aRR (95% CI) 
HEI Q4 
Maternal outcomes     
Gestational diabetes mellitus 1.09 (0.78-1.53) 1.07 (0.79-1.35) 1.00 (0.74-1.35) Ref 
Cesarean delivery 1.12 (1.00-1.25) 1.07 (0.96-1.19) 1.06 (0.96-1.17) Ref 
Major perineal laceration 0.78 (0.53-1.14) 1.02 (0.77-1.35) 0.99 (0.77-1.28) Ref 
Postpartum hemorrhage requiring 
transfusion 
3.32 (1.48-7.44) 1.98 (0.91-4.31) 1.57 (0.70-3.52) Ref 
Hypertensive disorder of pregnancy 1.13 (1.00-1.29) 1.10 (0.98-1.24) 1.05 (0.93-1.19) Ref 
Neonatal outcomes        
Preterm (<37 weeks)  1.11 (0.88-1.42) 1.07 (0.8501.33) 0.99 (0.79-1.23) Ref 
NICU admission  1.18 (1.00-1.39) 1.21 (1.04-1.41) 1.18 (1.02-1.37) Ref 
Small for gestational age (<10%ile) 1.03 (0.83-1.27) 1.01 (0.83-1.23) 0.88 (0.72-1.07) Ref 
Low birth weight <2500g 1.09 (0.83-1.44) 1.01 (0.78-1.31) 0.86 (0.66-1.13) Ref 
Macrosomia >4000g 0.63 (0.49-0.81) 0.81 (0.65-0.99) 0.85 (0.70-1.04) Ref 
Data displayed as adjusted relative risks (95% confidence interval), estimated through a Poisson 
regression model. 
HEI, Healthy Eating Index; quartile 4 represents the best quality of periconceptional diet and is the 
referent. NICU, neonatal intensive care unit 
Adjusted for age, body mass index, tobacco use, chronic hypertension, pregestational diabetes mellitus, 
mental health disorder, race/ethnicity, insurance status, and marital status. 
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